Six adult Soay rams were housed under artificial lighting conditions of long days ( At most stages there were short-term fluctuations in the plasma levels of FSH, LH and testosterone indicative of episodic secretion. Peaks in plasma levels of LH were especially conspicuous and from the changes in frequency and amplitude of these peaks it was possible to predict the way in which photoperiod influenced gonadotrophin secretion by its effect on hypothalamic LH-RH secretion. A slight 24 h rhythm in the plasma levels of all three hormones was observed, and the significance of this in relation to the photoperiodic response is discussed.
INTRODUCTION
Rams of the Soay breed are seasonal in their reproductive physiology and behaviour: gonadotrophin secretion and testicular activity vary dramatically throughout the year (Lincoln & Davidson, 1977) and in the wild the animals show conspicuous rutting behaviour in the autumn (Grubb «fe Jewell, 1973) . The annual cycle of varying daylength provides the principal environmental cue that dictates the timing of the reproductive changes ; decreasing daylengths of the autumn stimulate activity, and increasing daylengths of the spring have the reverse effect. The normal physiological changes associated with seasonal breeding in the ram can be induced experimentally using an artificial lighting regimen (Lincoln, 1976a; Lincoln «fe Lincoln, Peet «fe Cunningham, 1977) .
In the present study the photoperiodic response of the ram was investigated by exposing animals to a sudden change in daylength.
MATERIALS AND METHODS

Animals
Six adult Soay rams were housed in a light-proof building and provided with artificial light from four, white fluorescent strip lights (Crompton, U.K.) providing illumination of 140-180 lux at floor level ). The rams received alternating 4 month periods of long days (16 h light:8h darkness; 16L:8D) and short days (8L:16D). The lighting change was abrupt and consisted of advancing or retarding the time of 'lights out' by 8 h; 'lights on' occurred at 08.00 h throughout. The rams were preconditioned to this artificial lighting régime for nearly 2 years, and the present study deals with a period of just 18 weeks when the animals experienced a change from long to short days. The temperature in the animal house was not controlled, but followed the normal seasonal pattern for Edinburgh over the period April to July.
Each week the testicular size of the rams was measured and the stage of the sexual cycle monitored by observation of the sexual flush on the exposed ventral skin, and by making a quantitative record of aggressive behaviour (Lincoln & Davidson, 1977) . On eight occasions during the study, jugular blood samples were collected at hourly intervals for 24 h from each animal ( Fig. 1 ) using an indwelling cannula inserted on the day before sampling (Fig. 5) (Fig. 60) . The ampli¬ tude of these peaks also changed during the 24 h (Fig. 6b) .
The relationship between plasma LH and FSH levels was influenced by the time of day; early in the day the LH peaks were associated with relatively large and sustained rises in FSH, while later in the day the rises in FSH concentration were small and transient (Fig. 4) . The relationship between plasma LH peaks and testosterone peaks was unaffected by time of day (Fig. 4) (Katongole, Naftolin & Short, 1974; Lincoln, 19766) ; the pituitary gland does not appear to possess an intrinsic capacity to cause episodic gonadotrophin release (Osland, Gallo «fe Williams, 1975; Bremner, Findlay, Cumming, Hudson <& de Kretser, 1976) . Using the LH profiles as the indirect indicator of hypothalamic activity it appears that the change from long to short days stimulates LH-RH secretion mainly by increasing the frequency of the episodes of release. The quantity of LH-RH liberated at each episode may also be enhanced under these conditions as suggested by the increased amplitude of the plasma LH peaks which occurs under short-day lighting; this change is more difficult to predict since the pituitary gland changes its responsiveness to LH-RH under these conditions (Lincoln, 1977) .
Relationship between plasma levels ofLH and FSH The similarity in the overall cycle between plasma LH and FSH levels, and the short-term relationship between peaks of plasma LH and FSH described in this study, support the notion that a single hypothalamic hormone (LH-RH) regulates the secretion of both gonado¬ trophins. The explanation for the non-parallel fluctuations in the plasma levels of the two hormones appears to lie in differencesjn the way the pituitary gland secretes the gonado¬ trophins, as well as differences in the systemic clearance rates following secretion. The significance of the long half-life of FSH in the circulation compared with that of LH has been commented on previously ), yet the importance of the different patterns of release has not been emphasized. A single injection of synthetic LH-RH given to a ram induces an immediate and substantial rise in plasma levels of LH but the effect is of short duration. In contrast, a similar dose of LH-RH has a less dramatic immediate effect on plasma levels of FSH, although the effect is more sustained (Hopkinson et al. 1974 ; G. A. Lincoln, unpublished results using 1 and 5 pg LH-RH). A close inspection of the plasma profiles in Fig. 2 (summarized in Fig. 4) (Katongole et al. 1974; Sanford, Winter, Palmer «fe Howland, 1974; Lincoln, 19766; Schanbacher & Ford, 1976) . The temporal relationship between LH and testosterone is illustrated in the present study. Since the testis increases its sensitivity to LH under prolonged stimulation (Lincoln, 19766) , testosterone secretion becomes greatly enhanced after many weeks of short days. At this time the high levels of steroid in the blood may have feedback effects on LH secretion either modifying the pituitary response to LH-RH (Hopkinson et al. 1974; Pelletier, 1974) or suppressing hypothalamic LH-RH production (Pelletier, 1970; Lincoln, 1977) . While the amplitudes of the plasma LH peaks are depressed markedly at this time, the frequency con¬ tinues to increase suggesting that hypothalamic neuronal activity may remain raised in spite of the high testosterone levels.
There is no easily measured Sertoli cell secretion which provides a sensitive indicator of FSH release, in the same way that testosterone monitors LH release. The high plasma level of FSH in the ram following a change to short days clearly stimulates testicular growth, mediating its effect on the Sertoli cells and hence spermatogenesis (Courot, 1971 (Franchimont, Chari & Demoulin, 1975 ) is maximal at this time it could account for this decline.
Timing of the photoperiodic response In the present study the initial change in gonadotrophin secretion occurred by day 6 follow¬ ing the switch to a stimulatory daylength, and by days 12 and 19 the gonadotrophin levels in the blood were markedly increased. The speed of this photoperiodic response may be comparable to that found in other seasonally breeding mammals such as the hamster (Turek, Elliott, Alvis «fe Menaker, 1975) , but is relatively sluggish compared with that found in birds where gonadotrophin secretion may be augmented within 1 day of exposure to a stimulatory daylength (Nicholls, Scanes & Follett, 1973; Nicholls «fe Follett, 1974) . Pelletier & Ortavant (1964) Twenty-four hour rhythms and photoperiodism Throughout the present study a daily rhythm in gonadotrophin secretion was apparent, similar to that reported previously ). This rhythm has been tentatively linked with the daily activity cycle of the rams (sleep/wake cycle) with gonadotrophin release at a maximum when the animals are resting, and vice versa. In the present study it was apparent that the timing of the 24 h cycle of gonadotrophin release remained roughly constant throughout the change in photoperiod, i.e. the acrophase of the cycle remained at the same time of day. This may support the notion that the activity rhythm is involved since the timing of 'dawn' and feeding time were kept constant throughout, while only the timing of 'dusk' was altered. Thus the period of most intense activity was at the same time each day at all stages.
In a previous communication (Lincoln et (Fig. 5 ).
